Abstract:Machining of thin-walled (aluminium alloy)
I. Introduction
The company manufactures aerospace components. It has the facilities that can produce precision parts. In order to arrest the part at one particular location with respect to the machine, we will need a tool. This tool also helps in holding the component while it is machined. It ensures that the part does not lose its location, does not fly away or deform. All these parameters are taken into account and such tool is designed. These tools are Vacuum fixtures. When component has very small web thickness, providing mechanical clamps will not serve the purpose. Also bolts and screws are avoided. No holding device will ensure maximum or optimum clamping. In such cases vacuum fixtures are used. The mass production is running at success range depends upon the interchangeability to facilitate the reduction of unit cost and the easy assembly. A mass production method demands fast and easy methods of positioning work for accurate operations on it. Jigs and fixtures are production tools used to accurately manufacture duplicate and interchangeable parts. Jigs and fixtures are specially designed so that large number of components can be machined or assembled identically, and to ensure interchangeability of components.
Aim of this presented paper is to improve the design of the Vacuum Fixture by increasing the grid (in other words clamping area) in such a way that uniform clamping force is applied throughout the web of the rectangular frame while machining, to ensure that the part does not deform at high. The results are compared with mathematical calculations and then compared in ANSYS Software.
Four Sections were given in this paper. In Section 2, Literature review is presented. In Section 3, modelling of a fixture with the component is shown and solution methodology is presented. In Section 4, emphasis stress analysis and vibration analysis for the component. Results and discussions are also given in this section. Finally the conclusions are drawn in Section 5.
II. Literature Review
Li B et al. [1] have given the method to solve the clamping force optimization where the locators were assumed as deformable and the work piece as rigid body. The optimum clamping force is found to reduce the location error duo to the application of the machining forces.
Mohsen Hamedi et al.
[6] have designed fixtures for machining operations; clamping scheme is a complex and highly nonlinear problem that entails the frictional contact between the workpiece and the clamps. Such parameters as contact area, state of contact, clamping force, wear and damage in the contact area and deformation of the component are of special interest.
Necmettin Kaya et al. [7] have used dynamic analysis to find out the deformation of the workpiece under machining. The entire tool path is discretized into 13 load steps. The workpiece-fixture model is analyzed with respect to tool movement. The workpiece is assumed to be elastic. The fixture is assumed as completely rigid.
Krishna Kumar et al. [4] used FEM to simulate the machining operation. The machining forces are considered as point force acting over the tool path. Static analysis is performed to simulate the machining operation. In which the material removal effect is not considered.
III. Solution Methodology
Methodology is first we select the machining parameters, fixing the number of locators, selection of fixture layout, calculation of the clamping force and cutting forces based on the mathematical and shop calculations and optimize the clamping force and observe the deformations of the H FRAME workpiece. The 3D structure meshed with 4 Noded shell 63 elements. Vacuum pressure is acted on the suction slots at bottom side of the H Frame. The total vacuum pressure is divided into each slot and the obtained value is distributed on the bottom surface of the h-frame. The result obtained from the simulation is shown in fig.1, 2, 3&4 . Fig. 1 shows the deformation of the component and Fig. 2 shows the von-mises stresses, Fig. 3 shows the 1 st principal stresses and Fig. 4 shows the 2 nd principal stresses.
Fig 1 shows the deformation of H-FRAME
Fig2 shows the Von Mises stress of H-FRAME ` Fig. 3 shows the 1 st principal stresses Fig. 4 shows the 2 nd principal stresses Thus, the energy density for the givenmaterial condition, the critical value of the distortional material is given by the below equation. According to von Mises's failure criterion, the material under the loading of multi-axial point will yield when the distortional energy is greater than or equal to the critical value of the given material.
So, by observing from the above explanation, the von mises stresses should be equal or greaterthan yield strength. Due to this fabrication process, induced stress due to cutting loads is 1/10 th of the yield stress, so it will not affect the geometry of the component.
MODAL ANALYSIS:
The vibration characteristics (mode shapesand natural frequencies) of a machine component while it is being machined, the results are obtained by the modal analysis.
PCG LANCZOS Modal extraction method was carried out on H-FRAME component to determine the natural frequencies and mode shapes of a structure in the frequency range of 500-800 Hz. The fig 4. 6 shows the pattern of extracted mode shapes of aluminium alloy AL 7075-T7351 work piece, it is observed and evident that the mode shape 8 th has more deformation at frequency of 645.323Hz.It is also observed that under the range of(500-800)frequency are induced. Out of which the mode shape 8 th is critical and it may fail at 645.323Hz frequency.
V. Conclusion
The minimum clamping force which are enough to hold the workpiece are determined. The balancing force-moment method is used to determine the clamping force. The maximum value among these calculated values are taken as the optimum clamping forces and designed the vacuum fixture to hold the work piece in a fixture while machining. The deformation and the stresses induced in the work piece due to machining are predicted by performing static analysis using ANSYS. The modal analysis also carried out to find out the behavior of component in application. Thedeformations and frequencies are found to be within the safe conditions.
